Aims This study aims to identify associations of non-proliferative diabetic retinopathy (NPDR) in the Japan Diabetes Complication and its Prevention prospective (JDCP) study, a nation-wide study capturing real-world practice for diabetes in Japan. Methods We recruited patients with type 1 and type 2 diabetes mellitus aged between 40 and 75 years from 464 hospitals and clinics. Seven thousand and seven hundred patients fulfilled the inclusion criteria, and 5852 patients were included for this specific analysis. Multiple logistic regression models were used to identify associated factors of NPDR. Results Of the 363 patients with type 1 diabetes, 83 patients (22.8%) had NPDR; there were significant associations of duration of diabetes and high-density lipoprotein cholesterol with the presence of NPDR. Of the 5489 patients with type 2 diabetes, 1515 (27.6%) had NPDR. Female, duration of diabetes, lifetime maximum body weight, treatment types, systolic blood pressure, and the number of oral hypoglycemic agents (OHA) and antihypertensive drug were associated with increased odds of having NPDR. Diastolic BP, body mass index, alcohol intake, and the number of lipid-lowering drugs were associated with lower odds of having NPDR. Statin and fibrate use was associated with lower odds of having NPDR; this association was confirmed in the model adjusting for the propensity score for taking fibrate or statin (odds ratio 0.80, 95% confidence interval 0.70-0.92; p = 0.002). Conclusions There was a potential protective association of lipid-lowering medication (statin or fibrate) and statin use and the presence of NPDR in patients with type 2 diabetes in the JDCP study.
Introduction
Diabetic retinopathy is a common microvascular complication of both type 1 and type 2 diabetes, affecting one-third of the patients with diabetes [1] . Although there has been 1 3 accumulated evidence that the prevalence [1] and incidence rates [2] of diabetic retinopathy is declining among patients with diabetes, its burden is still high given the number of people with diabetes is still increasing [3] .
Treatment modalities for vision-threatening diabetic retinopathy, namely proliferative diabetic retinopathy and diabetic macular edema, have been dramatically advanced with laser treatment, vitreous surgery, and most recently anti-vascular endothelial growth factor (VEGF) intravitreal injections [4] [5] [6] . However, the importance of detecting diabetic retinopathy at an early stage has not faded, because understanding the risk associations of developing diabetic retinopathy has a potential to mitigate the burden caused by diabetic retinopathy through interventions to the modifiable risk factors.
The position statement by the American Diabetes Association [7] has described systemic associations of diabetic retinopathy such as hyperglycemia, nephropathy, hypertension, and dyslipidemia. Regarding dyslipidemia, two randomized clinical trials, the Action to Control Cardiovascular Risk in Diabetes study (ACCORD) study and the Fenofibrate Intervention and Event Lowering in Diabetes Study (FIELDS study) [8] [9] [10] , demonstrated the beneficial effect of fenofibrate intake in reducing the risk of progression to advanced microvascular diabetic complications, including diabetic retinopathy needing a laser treatment. Interestingly, those studies [8] [9] [10] reported a protective effect of fenofibrate intake avoiding treatments such as laser retinal photocoagulation for diabetic retinopathy independent of lipid levels. Little is known, however, whether taking statin or fibrate reduces the risk of developing diabetic retinopathy, especially in real-world practice.
The Japan Diabetes Complication and its Prevention prospective (JDCP) study is a multi-center observational study led by the Japan Diabetes Society [11] . This study aims to capture day to day practice at diabetes clinics all over Japan to illustrate the characteristics and associations of diabetes and its risk factors. This specific report is a part of the JDCP study describing the cross-sectional baseline characteristics regarding the early stage of diabetic retinopathy in the JDCP study. It aims to identify potential risk associations modifiable by intervention to reduce the risk of diabetic retinopathy based on real-world clinical data in Japan.
Methods

Subjects
The JDCP Study was initiated in 2007, collecting information on patients with type 1 and type 2 diabetes mellitus, aged between 40 and 75 years from university hospitals, secondary or tertiary hospitals, and clinics where diabetologists reside (total 464 clinics) [11] . Seven thousand and seven hundred patients who fulfilled the inclusion criteria were pre-registered between June 2007 and November 2009. Patients who have the following conditions were excluded:
1. not able to attend the clinic regularly, 2. on dialysis, 3. have proliferative diabetic retinopathy, 4. have been diagnosed with malignancy within 5 years, or 5. determined by study physician to be not appropriate for this study.
There were 6338 patients remaining. Of them, 5852 had detailed information on the severity of diabetic retinopathy and were included in this analysis. All the data were collected with pre-defined forms from all the clinics and hospitals. Information collected in this study included background characteristics, anthropometry, blood tests, kidney function, electrocardiograms, fundus findings, neuropathy parameters, periodontitis, and treatment for diabetes.
Definition of diabetic retinopathy
In this study, patients with proliferative diabetic retinopathy were removed by one of the exclusion criteria (3) above; therefore, our study is for non-proliferative diabetic retinopathy (NPDR). Definitions of NPDR were adopted from the international clinical diabetic retinopathy severity scale [12] as below:
1. Mild NPDR-micro-aneurysms only. 2. Moderate NPDR-more than mild, but less than severe NPDR. 3. Severe NPDR-one of the signs below without signs of proliferative diabetic retinopathy:
(a) more than 20 intra-retinal hemorrhages in all 4 quadrants, (b) definite venous beadings in more than or equal to 2 quadrants, (c) definite intra-retinal microvascular abnormality at least in 1 quadrant.
Persons with retinal neovascularization, vitreous hemorrhages, or pre-retinal hemorrhages were excluded because of having proliferative diabetic retinopathy.
Statistical analysis
Background characteristics between patients with or without NPDR were compared with Pearson's Chi squared test, Student's t test, or Wilcoxon rank-sum test depending on the types of data. A p value of < 0.05 was considered as statistically significant.
Multiple logistic regression models were used to identify the associated factors of NPDR. Adjusted odds ratios (OR) with 95% confidence intervals (95% CI) were calculated. For patients with type 1 diabetes, we included age (years old), gender (male/female), hemoglobin A1c (HbA1c) (%), duration of diabetes (years), insulin units used, body mass index (BMI) (kg/m 2 ), systolic blood pressure (BP) (mmHg), high-density lipoprotein (HDL) cholesterol (mg/dl), non-HDL cholesterol (mg/dl), low-density lipoprotein (LDL) cholesterol (mg/dl), alcohol intake, smoking, estimated glomerular filtration rate (eGFR) (mL/min/1.73 m 2 ), number of oral hypoglycemic agents (OHA), number of antihypertensive agents, and number of lipid-lowering agents as covariates. To avoid biased estimation due to the small number of patients with type 1 diabetes, we used a penalized maximum likelihood estimation proposed by Firth. For patients with type 2 diabetes, calculation was based on age, gender, HbA1c, duration of diabetes, medication types, BMI, lifetime maximum body weight, systolic BP, diastolic BP, non-HDL cholesterol, HDL cholesterol, LDL cholesterol, eGFR, history of myocardial infarction, history of stroke, alcohol intake, smoking, number of OHA, and number of antihypertensive agents as covariates. The number of drugs was then replaced with the individual drug in the alternative models as a sensitivity analysis.
Associations of lipid-lowering agents and NPDR in persons with type 2 diabetes were examined with a propensity score adjusted model [13] . We first estimated the propensity score using a lipid-lowering agent as an outcome with the multiple logistic regression model including 19 covariates. The odds ratio for the presence of NPDR between patients with or without lipid-lowering agents was calculated after adjusting for the propensity score as a covariate. A p value of < 0.05 was considered as statistically significant in this analysis. All analyses were performed using Stata MP (Version 15.1, College Station, TX, USA).
Results
The background characteristics of patients included in this study stratified by types of diabetes are shown in Supplemental Table. The mean age was 61.1 years and 58.7% were male. The median duration of diabetes was 9.0 years (the inter-quartile range 5.0-15.0 years) and mean hemoglobin A1c was 57.0 mmol/l (7.4%).
Type 1 diabetes
Of the 363 patients with type 1 diabetes, 83 (22.8%) had NPDR. The severity of DR for patients with type 1 diabetes, was 85.5 and 14.5% for mild to moderate NPDR and severe NPDR, respectively. Compared to patients without NPDR, patients with NPDR were significantly older, had a longer duration of diabetes, larger BMI, higher systolic blood pressure, higher creatinine, lower estimated glomerular filtration rate (eGFR), and had been using more insulin (Table 1) .
A multiple logistic regression model using the presence of NPDR as an outcome and gender, age, hemoglobin A1c, duration of diabetes, insulin units used, BMI, systolic blood pressure, non-HDL cholesterol, LDL cholesterol, alcohol intake, smoking (current or past smoker vs. never smoked), eGFR, and the number of oral hypoglycemic agents, antihypertensive agents, and lipid-lowering agents as covariates was used. There were significant associations of longer duration of diabetes with increasing odds of having NPDR, and higher HDL cholesterol with reduced odds of having NPDR ( Table 2 ).
Type 2 diabetes
Of the 5489 patients with type 2 diabetes, 1515 (27.6%) had NPDR. The severity of DR in patients with type 2 diabetes was 79.5 and 20.5% for mild to moderate NPDR and severe NPDR, respectively. Comparing patients with and without NPDR, patients with NPDR were older, had a longer duration of diabetes, less body weight, higher systolic blood pressure, higher random glucose, higher hemoglobin A1c, higher creatinine, lower eGFR, female gender, taking insulin, using more insulin units, performing self-measurement of blood glucose level (SMBG), and more likely to take alcohol (Table 3) .
In multiple logistic regression analysis, female gender, duration of diabetes, lifetime maximum body weight, systolic blood pressure, number of OHA, and number of antihypertension drugs were associated with increased odds of having NPDR (Table 4 ). Insulin treatment with or without OHA was associated with increased odds of having NPDR when compared with those with diet therapy alone [adjusted OR for insulin use: 4.51 (95% CI 3.14-6.48) p < 0.001; adjusted OR for insulin plus OHA: 3.76 (95% CI 2.57-5.50), p < 0.001] ( Table 4) . On the contrary, diastolic blood pressure, body mass index, alcohol intake, and the number of lipid-lowering drugs were associated with lower odds of having NPDR (Table 4 ). An alternative model replacing the number of lipid-lowering drugs with individual lipid-lowering drug class of statin and fenofibrate was constructed. There remained significant associations of statin use (0.79, 95% CI 0.68-0.92; p = 0.002). Although a point estimate of adjusted OR for fibrate intake remained in protective direction, its 95% CI was wide and did not reach statistical significance (0.76, 95% CI 0.56-1.06; p = 0.105) ( Table 5) .
We additionally examined a model adjusting for the propensity score for taking fibrate and/or statin. A balancing plot of the propensity score between those who were using lipid-lowering agents and those who were not is shown in Supplemental Figure S1 . We first examined the validity of the propensity score by comparing the distribution in each of the covariates before and after propensity score adjustment and confirmed that there were no statistically significant differences between the two groups. Mean and median bias was decreased from 14.3 and 13.5 to 2.4 and 2.1%, respectively. The variance ratio proposed by Rubin [14] was also decreased from 1.25 to 0.79, which is considered to be within the acceptable range of 0.5-2.0. We used this propensity score as a covariate to adjust the association between lipid-lowering medication use and the presence of NPDR. In persons with type 2 diabetes mellitus, there were 1989 persons using statins only and 269 persons using fibrates only. There were 33 persons who used both statins and fibrates. A significant association was observed between those who took fibrate or statin and those who did not take (Table 6 ). There was no suggestion of interaction between taking fibrate and statin (p = 0.960; data not shown). In persons with type 1 diabetes mellitus, there were 84 persons using statins only and only 3 persons using fibrate only; there were none using both statins and fibrates. Therefore, we did not perform a similar analysis for persons with type 1 diabetes mellitus.
Discussion
In this JDCP study baseline survey, the prevalence of nonproliferative diabetic retinopathy in patients with type 1 diabetes and type 2 diabetes was 22.8 and 27.6%, respectively. The prevalence of diabetic retinopathy in patients with type 2 diabetes was similar to that reported in the Japan Diabetes Complications Study (JDCS) [15] . At the baseline of JDCS, the proportion of patients with type 2 diabetes who had mild NPDR was 25.1% with a mean duration of diabetes of 12.8 years. Our observation in this study was slightly higher compared to the prevalence of diabetic retinopathy reported in the meta-analysis based on 35 epidemiological studies [1] , where age-standardized prevalence of any diabetic retinopathy for patients with type 2 diabetes in studies completed in the era of 2000s was 24.79% (24.57-25.00%); the prevalence of NPDR which was estimated excluding PDR (prevalence 3.47%) was 21.32%. All of these prevalence data were mostly from hospital-based studies including the current study. Therefore, this may overestimate the number of patients with DR compared to the general diabetic population. In this study, we found that the duration of diabetes and systolic blood pressure factors showed consistent associations with NPDR in both patients with type 1 or type 2 diabetes. The importance of managing hypertension in preventing diabetic retinopathy has been confirmed in multiple studies and a systematic review [16] and our study supports this current understanding. An unexpected nonsignificant association with HbA1c and the prevalence of NPDR was surprising. Although HbA1c was associated with the presence of NPDR in patients with type 2 diabetes before adjustment, there was no significant association after adjusting for other covariates. We speculate that this is because more than 90% of the patients recruited into this study were already treated with OHA and/or insulin. Also, patients recruited into this study had a relatively good glucose control at baseline [Hb A1c for type 1 diabetes 62.0 mmol/l (7.8%) and for type 2 diabetes 57.0 mmol/l (7.4%)]. Given the cross-sectional nature of this study, confirmation of association between glucose control and diabetic retinopathy needs further observation in longitudinal follow-up. We did not find an association between smoking habits and increased prevalence of NPDR in patients with type 1 diabetes. Association between smoking and risk of diabetic retinopathy has been inconsistent and controversial [17] . A cohort study in Denmark reported that smoking was not associated with PDR, while there was a suggestion of association with increased prevalence of NPDR [18] , which was consistent with our finding. We need to examine if smoking is associated with increased risk of incidence or progression of diabetic retinopathy in the longitudinal follow-up study which is ongoing. Given that more than 30% of the study participants were smokers in this study, an intervention of smoking cessation might impact on reducing the risk of diabetic retinopathy.
The current medication and the number of drugs were associated with the presence of NPDR in persons with type 2 diabetes. Interestingly, the number of drugs lowering glucose and blood pressure was associated with increased odds of having NPDR, while the number of drugs lowering lipids was negatively associated with NPDR. This observation was confirmed by alternative analysis using the propensity score for adjustment. Although the odds ratios estimated in the model with the propensity score adjustment were attenuated compared to logistic regression analysis, it remained significant. Given the cross-sectional nature of this analysis, the logic behind this observation needs to be speculated. The number of medications for lowering glucose and blood pressure naturally reflects that the baseline glucose level and blood pressure level were high, and this was associated with increased risk of having NPDR in this analysis. However, an inverse association with the number of lipid-lowering medications does not hold the same logic, because there was little association between high cholesterol or triglycerides level and the prevalence of NPDR. Therefore, it might be natural to hypothesize that lipid-lowering medication of statin and fibrate might have beneficial influence in reducing the development of NPDR. We consider that fibrate use did not reach a significant association, due to the fact that the number of patients who were under fibrate was smaller than the number of patients who were under statins. The point estimate of odds ratio for fibrate use was smaller than that for statin use, suggesting that fibrate use might have a larger impact on NDPR consistently in our models if more patients take fibrate. A detailed mechanism of why lipid-lowering medication use decreases the risk of DR has not been fully understood. There has been a link between hyperlipidemia and increased risk of diabetic retinopathy and especially with hard exudates [19] . Sasaki et al. [20] . also demonstrated that higher LDL cholesterol level was associated with increased macular thickness, a sign of diabetic macular edema. Moreover, recent findings from clinical trials revealed that statin plus fibrate or fibrate alone reduced the risk of clinical outcomes related to diabetic retinopathy and diabetic macular edema. In the Action to Control Cardiovascular Risk in Diabetes (ACCORD)-EYE study [8] , fenofibrate plus simvastatin compared with placebo plus simvastatin was associated with decreased risk of progression of diabetic retinopathy or induction of laser treatment. In the FIELD Study, fenofibrate 200 mg/day intake was associated with approximately 30% risk reduction for having pan-retinal photocoagulation in diabetic retinopathy [9, 10] . The risk of the composite outcome of progression of diabetic retinopathy, incidence of diabetic macular edema, and laser treatment were also decreased by 34% compared to the placebo-treated group. A 30% reduction of laser photocoagulation in diabetic retinopathy and diabetic macular edema by taking fenofibrate, independent of blood glucose level, blood pressure level, and even lipid level, might provide supportive evidence to consider fenofibrate with or without statins as a candidate to be used in the management of diabetic retinopathy. Our study findings support this by showing that those who take statin or fibrate are at lower odds of having NPDR in a real-world clinical setting. To date, there has been no clear evidence supporting that lipid-lowering medication or statin or fibrate reduces the risk of developing DR. We consider our findings to be supportive of the hypothesis that these medications might be beneficial in lowering the risk of development of DR, in addition to lowering the risk of progression of DR.
We must acknowledge that this current analysis is a crosssectional study and it does not fully support the effectiveness of statin and fibrate in a longitudinal study. We need to confirm our findings with ongoing longitudinal followup study. It should also be noted that those with a severe stage of diabetic retinopathy have been excluded at recruitment. Adherence to the standard and regular monitoring for glucose, blood pressure, and lipid concentrations might be influenced by the effect of unmeasured characteristics such as lifestyle and socioeconomic status or education status in the association between medication use and risk of microvascular complications including DR. This might also be applicable to alcohol intake and smoking habit.
In conclusion, we reported the baseline characteristics of the JDCP study participants stratified by type of diabetes. We described associated factors for both patients with type 1 diabetes and type 2 diabetes, with a contrast in associations between the types of diabetes. We also report a potential association of lipid-lowering medication use (fibrate or statin use) on decreased odds of having NPDR, which was also confirmed by a propensity score adjustment. Further longitudinal analysis will elucidate if those characteristics observed in this cross-sectional analysis are associated with a progression and incidence of the advanced stage of diabetic retinopathy. Table 6 Propensity score adjusted odds ratio for non-proliferative diabetic retinopathy in patients with type 2 diabetes Adjusted using the propensity score as a covariate. The propensity score for lipid-lowering medication use was calculated based on age, sex, hemoglobin A1c, duration of diabetes, medication, body mass index, lifetime maximum body weight, systolic blood pressure, diastolic blood pressure, non-high-density lipoprotein cholesterol, highdensity lipoprotein cholesterol, low-density lipoprotein, estimated glomerular filtration ratio, history of myocardial infarction, history of stroke, alcohol intake, smoking, number of oral hypoglycemic agents, and number of antihypertensive agents 
